Objectives: To replicate a study by Schutze and colleagues on a headache sample, rather than a heterogenous chronic pain sample, investigating whether level of mindfulness predicts key components in the Fear-Avoidance Model of chronic pain (pain intensity, negative affect, pain catastrophizing, pain-related fear, pain hypervigilance, and functional disability); to investigate the relationships between level of mindfulness and headache/migraine pain intensity, frequency, and duration.
O n the World Health Organization's ranking for causes of disability, headache disorder has been estimated to fall among the most common. 1 Traditional "headache hygiene" suggests that identification and avoidance of headache triggers is most effective in the management of headache disorders. However, such an approach seems to lack an evidence-base, and may instead be maladaptive. [2] [3] [4] 
FEAR-AVOIDANCE MODEL OF CHRONIC PAIN
The Fear-Avoidance Model (FAM) of chronic pain 5 ( Fig. 1) postulates that the experience of pain may be associated with negative appraisal of the pain (eg, catastrophic thoughts), leading to the development of painrelated fear, and subsequently to maladaptive coping behaviors such as escape, avoidance, and/or hypervigilance. In addition, it suggests that these maladaptive coping behaviors may lead to depression, impaired musculoskeletal and cardiovascular functioning from long-term inactivity, or other disability. Such psychological or physical disability may be associated with a decline in pain tolerance, thereby increasing the likelihood of pain experience. In contrast, the model suggests that if no pain-related fear is developed following the experience of pain, this may result in confrontation/approach behavior (as opposed to avoidance/ escape behavior), which may in-turn lead to recovery. Numerous studies involving chronic pain patients, have found support for the FAM of pain. [6] [7] [8] [9] These studies have generally focused on lower back pain patients.
Martin developed the Trigger Avoidance Model of Headaches. Similar to the FAM, this model suggests that avoidance and escape behavior, with respect to headache/ migraine triggers, may result in increased sensitivity to, and decreased tolerance for the triggers. Avoidance of headache triggers is also suggested to be problematic in a practical sense as it is not always possible to identify and/or avoid all triggers, and attempting to do so may be stressful and can lead to a restricted lifestyle. 3, 10 Psychological treatments involving exposure techniques (ie, approach behavior) are being increasingly utilized in the effective treatment of chronic pain disorders such as chronic headaches and migraines. [11] [12] [13] Another practice that involves approach behavior, as opposed to avoidance behavior, is the practice of mindfulness. 14 
Mindfulness and Chronic Pain
Mindfulness is a concept derived from the historical practice of Buddhist meditation 15 and refers to a heightened act of consciously and intentionally bringing one's attention and awareness to the present moment. Mindfulness involves nonjudgmental acceptance of internal and external experiences of the present moment, 14, 16 and is considered the opposite of mindlessness, which refers to a state of mind that is actively avoiding or denying the experience of certain thoughts, emotions, or perceptions. 14 Research has found that beneficial psychological and physical outcomes may be cultivated through mindfulness training. 16, 17 There is a growing interest in the use of mindfulnessbased interventions (MBIs) in the treatment of chronic headaches and migraines; [18] [19] [20] [21] [22] [23] [24] however, currently there is limited and mixed evidence available on the effectiveness of these interventions. As demonstrated in Table 1 , while some studies have found support for MBIs in the treatment of headache/migraine, others have not. These varied findings may be due to the presence of methodological limitations in some studies, including small sample sizes and confounding factors.
Schutze et al 25 aimed to investigate the role of mindfulness in the FAM, using a sample of individuals with a variety of chronic pain conditions. Their sample consisted of 10 head/face pain patients, 50 lower back pain patients, 16 neck pain patients, 9 leg pain patients, 6 upper back pain patients, 5 abdomen pain patients, 2 shoulder/arm pain patients, 1 chest pain patient, 1 pelvis/genitals pain patient, and 4 equal multiple sites pain patients. Participants were asked to complete a survey consisting of self-report measures, with 1 measure for each key component in the FAM, and 2 measures for the mindfulness construct: the FiveFactor Mindfulness Questionnaire (FFMQ) 26 and the Mindful Attention Awareness Scale (MAAS). 27 Schutze and colleagues explain that the 5 subscales of the FFMQ, pertaining to 5 facets of the mindfulness construct (nonreactivity to inner experience, observing inner experience, acting with awareness, describing experience, and nonjudging of experience) allow deeper examination of the role of mindfulness in the FAM. Therefore in their study, the FFMQ was utilized in the analyses where a single total score was not required, and the MAAS was utilized where a single total score was required (ie, the correlation and moderation analyses).
Schutze and colleagues found that mindfulness had significant negative medium strength correlations 28 with each of the key components in the FAM (pain intensity, negative affect, pain catastrophizing, pain-related fear, pain hypervigilance, and functional disability). Correlations ranged from −0.22 to −0.50, wherein higher level of mindfulness, was associated with lower levels of each key component. In addition, it was found that the key component most strongly predicted by mindfulness was pain catastrophizing, and after controlling for the other key components and background characteristics, mindfulness remained a significant predictor of pain catastrophizing. In addition, Schutze and colleagues found that mindfulness moderated the relationship between pain intensity and pain catastrophizing, such that at high levels of mindfulness, the strength of the positive association between pain intensity and pain catastrophizing was lower. Therefore, Schutze and colleagues suggested that mindfulness may be integrated into the FAM as a key component in itself, between pain experience and pain catastrophizing.
The Current Study, Aims, and Hypotheses
There is reason to believe that if Schutze and colleagues restricted their sample to individuals with primary headache/migraine, their findings may have been different. The pain conditions other than head/face pain included in Schutze and colleagues, differ from primary headache/ migraine in a number of ways. First, primary headache/ migraine differs from the other chronic pain conditions in its pattern of pain. The majority of individuals with headache are absent from pain most of the time and experience painful headache "attacks" when exposed to triggers. Therefore, in the absence of triggers and associated headache "attacks," the ability of individuals with headache to cope, and their psychosocial functioning, would be greater than in the presence of triggers and headache "attacks." Individuals with the other chronic pain conditions are rarely in the absence of pain, as their pain is not dependent on the presence of triggers, however, their pain is likely to be less debilitating than pain associated with headache "attacks." The level of disability associated with chronic headache disorders has been likened to that of quadriplegia, dementia, and psychosis. 29 Second, unlike the other chronic pain conditions, primary headache/migraine is not associated with any identified damage or structural pathology 30 due to injury. Finally, primary headache/migraine often resolves with or without treatment. In comparison, due to underlying damage or structural pathology, the other chronic pain conditions are likely to be permanent.
The current study investigated the role of mindfulness in the FAM of chronic pain by replicating the study conducted by Schutze and colleagues; however, using a sample restricted to individuals with chronic primary headache/ migraine. The current study also aimed to contribute to the growing literature on the relationship between mindfulness and important headache parameters such as headache intensity, frequency, and duration. The specific hypotheses of the current study are as follows: (1) It is hypothesized that higher level of mindfulness will be associated with and predict lower levels of negative affect, pain catastrophizing, pain-related fear, pain hypervigilance, functional disability, headache pain intensity, headache frequency, and headache duration. (2) It is hypothesized that mindfulness will most strongly predict pain catastrophizing, and will remain a significant predictor of pain catastrophizing after controlling for the other key components in the FAM and the background characteristics identified in Schutze and colleagues: age, sex, and headache duration. (3) It is hypothesized that mindfulness will moderate the relationship between headache pain intensity and pain catastrophizing.
MATERIALS AND METHODS

Materials
As the current study replicated the study conducted by Schutze and colleagues, the measures used in the current study, with the exception of the demographics questionnaire, were the same as those used in their study, and any variation is discussed.
Demographics Questionnaire
The demographics questionnaire collected information on participant age, sex, ethnicity, education level, medication use, headache diagnosis, and on whether participants had any medical or psychological diagnoses other than the headache disorder. In relation to headache diagnosis, participants were first asked "Have you been diagnosed with headache disorder?" where responses were made on a yes/no format. This was followed by the question "Which one or more of the following headache disorders have you been diagnosed with?" where responses were made on a multiple check box format. Specifically, participants were asked to select ≥ 1 of the following responses: migraine, tension-type headache, cluster headache, other. In relation to comorbid medical or psychological diagnoses, participants were asked "Do you have any current medical or psychological diagnoses? If yes, please specify." Responses were made on a yes/ no format, and a space was provided for participants to specify further details if they selected yes. Migraine frequency, severity, duration Migraine-related disability/ impact
There was no significant reduction in migraine frequency or severity; however, there was a significant reduction in migraine duration and migraine-related disability/impact
The MAAS
The MAAS 27 consists of 15 items measuring the respondent's tendency to attend to and be aware of the present moment with respect to internal (eg, thoughts) and external (eg, interpersonal communication) events. Higher scores indicate a higher level of mindfulness. The MAAS has been found to have good reliability and validity with coefficient αs ranging from 0.82 to 0.87. 27, 14 In the current study, the internal consistency as measured by Cronbach α was α = 0.91.
The FFMQ
The FFMQ 26 with a total of 39 items, consists of 5 subscales measuring nonreactivity to inner experience, observing inner experience, acting with awareness, describing experience, and nonjudging of experience. Higher scores on each subscale indicate a higher level of mindfulness. The FFMQ has been found to have good reliability and validity with coefficient αs ranging from 0.75 to 0.91. 26, 31 In the current study, the internal consistencies as measured by Cronbach α for each of the 5 subscales of the FFMQ were α = 0.78, α = 0.81, α = 0.90, α = 0.88, α = 0.90, respectively.
The Migraine Disability Assessment Scale (MIDAS)
The MIDAS 32 consists of 5 items designed to measure the impact of headaches on daily life. Higher scores indicate higher levels of headache-related disability. The MIDAS has been found to have good reliability and validity with a coefficient α of 0.83. 33, 34 In the current study, the MIDAS was used as an operational measure of "functional disability," and replaces the Brief Pain Inventory 35 used in Schutze and colleagues study. The Brief Pain Inventory was not appropriate for use in the current sample. The internal consistency of the MIDAS in the current study, as measured by the Cronbach α, was found to be α = 0.77.
The Brief Headache Screen (BHS)
The BHS 36 consists of 6 questions and may be used as a screening tool for migraine disorder. The completed screen is interpreted according to certain rules as explained by Maizels and Burchette. The BHS has been found to have good psychometric properties. 36 The BHS was not used in the study by Schutze and colleagues. 25 In the current study, the items of the BHS were used to screen for migraine disorder and to collect descriptive information on the sample.
The Positive and Negative Affect Schedule (PANAS)
The PANAS 37 with a total of 20 items, consists of 2 subscales measuring positive and negative affect, respectively. In the current study, only the negative affect subscale was used, and was an operational measure of "negative affect." Scores may range from 10 to 50, and higher scores indicate a higher level of negative affect. The negative affect subscale of the PANAS has been found to have good reliability and validity with coefficient αs ranging from 0.84 to 0.87. 37 In the current study the internal consistency as measured by the Cronbach α, was found to be α = 0.87.
The Pain Catastrophizing Scale (PCS)
The PCS 38 with a total of 13 items, contains 3 subscales each addressing a different aspect of catastrophizing behavior: rumination, magnification, and helplessness. Higher scores indicate greater catastrophizing. The PCS has been found to have good reliability and validity with a coefficient α of 0.87. 38, 39 In the current study the PCS was used as an operational measure for "pain catastrophizing." The internal consistency as measured by Cronbach α, was found to be α = 0.93.
The Fear of Pain Questionnaire (FPQ-III)
The FPQ-III 40 with a total of 30 items, consists of 3 subscales measuring fear of severe pain, minor pain, and medical pain, respectively. Higher scores indicate greater pain-related fear. The FPQ has been found to have good reliability and validity with an α coefficient of 0.92. 40 In the current study, the FPQ will be used to measure "painrelated fear," in replacement of the Tampa Scale for Kinesiophobia 41 which was used by Schutze and colleagues. The Tampa Scale for Kinesiophobia was not appropriate for use in the current sample. In the current study, the internal consistency of the FPQ-III was found to be α = 0.95.
Pain Vigilance and Awareness Questionnaire (PVAQ)
The PVAQ 42 consists of 16 items measuring attention to pain through awareness, consciousness, observation, and vigilance. Items are self-descriptive statements with respect to the experience of pain (eg, I am very sensitive to pain), and respondents are required to indicate the frequency with which the item describes them. Responses are made on a 6-point Likert scale ranging from 0 never to 4 always. Two items are reverse scored. A total score is derived from summing the items, and may range from 0 to 80, with higher scores indicating greater attention to pain. The PVAQ has been found to have a good internal consistency of α = 0.86. 42 It has also been demonstrated to have good construct validity, and criterion validity. 42, 43 In the current study, the PVAQ will be used as an operational measure of the pain hypervigilance component of the FAM. The internal consistency was found to be α = 0.90.
Pain Intensity, Duration, and Frequency
In the current study, the intensity of pain experienced from headaches, the duration of headaches, and the frequency of headaches are measured by 3 questions that were derived from previous large scale studies that utilized the same 3 questions to measure these constructs. 44, 45 Rather than open-ended questions, these questions were used in the current study to make the responses comparable with these previous studies. Headache pain intensity is measured by the question: on average, how painful are your headaches? Responses are made on a 5-point Likert scale ranging from 1 slightly painful to 5 extremely painful. In the current study, the headache pain intensity question was used as an operational measure of the pain experience component of the FAM. Duration is measured by the question: on average, how long do your headaches last? Responses are made on an 8-point Likert scale ranging from 1 ( > 24 h) to 8 (< 1 h). This scale was not reversed before analysis. In the current study, headache duration was utilized in the primary analyses as well as included in the demographics information for the current sample. Frequency is measured by the question: how frequently do you experience headaches? Responses are made on a 9-point Likert scale ranging from 1 ( ≥ 4/d) to 9 (never). This scale was not reversed before analysis. These questions were not utilized in the study by Schutze and colleagues.
Methods
Participants
Participants were recruited via the Headache Australia website by placing an advertisement and link to the survey under their "volunteers required for research" section. Participants were also recruited via the Griffith University undergraduate psychology student research participation scheme, as well as the Griffith University Surveys Unit, through the use of an information sheet on the current study and a link to the survey. Participants were included in the final analyses if they were aged between 18 and 75 years inclusive, had headaches for at least 1 month, and were not diagnosed with medication overuse headache or a secondary headache. A total of 19 participants did not meet these criteria and were therefore excluded from the study. A total of 217 participants were included in the final analyses, 160 participants were undergraduate psychology students, and 57 were from the community. Participants in the current sample were aged between 18 and 65 years inclusive (M = 26.02, SD = 10.61), and 88.5% of the current sample reported that they had headaches for > 3 months. On the basis of self-reported physician diagnosis, 40.1% of the sample had migraine, compared with 46.6% on the basis of the BHS (chronic migraine, 58 participants; episodic migraine, 43 participants). Further descriptive characteristics of the sample are presented in Table 2 .
Procedure
The current study was approved by the Griffith University Ethics Committee. The aforementioned questionnaires were compiled into an online survey, which participants accessed via an online link at their own convenience. Before their commencement of the survey, participants were required to read an information sheet through which informed consent was obtained. Any incomplete surveys were interpreted as withdrawal of consent and were not utilized in the final analyses. Random responding of participants was unfortunately not checked. The survey took ∼25 minutes to complete. Upon completion of the survey, undergraduate psychology students were able to receive course credit for their participation, and all other participants were given the option to enter a prize draw to win 1 of 2 $50 Coles-Myer gift cards. After recruitment was completed, 2 participants who opted to enter the prize draw were selected at random to receive the gift cards.
RESULTS
Checking Assumptions in the Data
Data were analyzed using the Statistical Package for the Social Sciences, 46 Version 22 (SPSS). Missing values analyses found that in the overall data set, there were only 0.56% missing data. Little's missing completely at random test indicated that the missing data were missing completely at random (χ 2 7734 = 7892.47, P = 0.102, NS). Because of the small number and random nature of missing data, mean substitution was used to replace any missing values on all the variables. 47 The data were checked for any violation of assumptions, and as a result 3 univariate outliers were removed. All variables had good internal consistencies, as measured by the Cronbach α. As the current study is replicating the study conducted by Schutze and colleagues, the following statistical analyses are the same as the analyses conducted in their study.
Correlational Analyses
Results found that mindfulness (MAAS) had significant negative correlations with all variables except headache pain intensity and headache frequency ( Table 3) . As headache duration was not reverse scored, the negative correlation between mindfulness and headache duration, actually suggests a positive association between mindfulness and headache duration. Correlations ranged in strength from weak negative correlations to moderate negative correlations: −0.14 to −0.43. Upon cross checking these results with the FFMQ subscales, it was found that none of the FFMQ subscales correlated significantly with headache frequency; however, the describing subscale had a significant positive weak-strength correlation with headache pain intensity. As there was no significant correlation found between mindfulness and headache frequency, no further exploration was conducted with respect to whether mindfulness predicted headache frequency in the standard multiple regression (SMR) analyses.
SMR Analyses
Seven SMR analyses were conducted (Table 4) . In each of the 7 SMRs, the 5 subscales of the FFMQ were entered simultaneously as the predictor variables. The criterion variables were negative affect, pain catastrophizing, fear of pain, pain hypervigilance, functional disability, headache pain intensity, and headache duration, respectively. The results of the SMRs revealed that the FFMQ subscales most strongly predicted negative affect and accounted for 32% of the variance in negative affect scores. It was found that the awareness subscale uniquely explained a significant 7% of the variance in negative affect (β = −0.32, t 211 = −4.59, P < 0.001, 95% confidence interval [CI] for B [−0.57 to −0.23]), and the nonjudging subscale also uniquely explained a significant 7% of the variance in negative affect (β = −0.32, t 211 = −4.57, P < 0.001, 95% CI for B [−0.52 to −0.21]). The SMRs also revealed that the FFMQ subscales significantly predicted pain catastrophizing, fear of pain, pain hypervigilance, and headache duration. Although it was found that the FFMQ subscales did not significantly predict headache pain intensity in the overall model, the describing subscale uniquely explained a significant 2% of the variance in headache pain intensity (β = 0.16, t 211 = 2.11, P = 0.036, 95% CI for B [0.001-0.04]).
Hierarchical Multiple Regression (HMR) Analyses
The components of the FAM significantly predicted by mindfulness in the SMRs were: negative affect, pain catastrophizing, fear of pain, pain hypervigilance, and headache pain intensity. HMR analyses were then conducted to investigate whether mindfulness remained a significant predictor of these components, after controlling for background characteristics (age, sex, and headache duration), and the other components in the FAM. The background characteristics were entered into the regressions first, followed by the components in the FAM in the same order as they are found in the model. The FFMQ subscales were entered in the last step to determine the unique contribution of mindfulness. Results of the HMR analyses revealed that the FFMQ subscales accounted for an additional 22% of the variance in negative affect (Table 5 ), over and above that accounted for by the other predictors. It was found that the awareness subscale uniquely explained a significant 4% of the additional variance accounted for in negative affect (β = −0.28, t 203 = −3.85, P < 0.001, 95% CI for B [−0.52 to −0.17]), and the nonjudging subscale uniquely explained a significant 6% of the additional variance accounted for in negative affect (β = −0.32, t 203 = −4.64, P < 0.001, 95% CI for B [−0.51 to −0.21]). The HMR analyses also revealed that the FFMQ subscales accounted for an additional 11% of the variance in pain hypervigilance, over and above that accounted for by the other predictors. It was found that the observing subscale uniquely explained a significant 6% of the additional variance accounted for in pain hypervigilance (β = 0.31, t 203 = 4.66, P < 0.001, 95% CI for B [0.33-0.82]).
Moderation Analyses
A moderation analysis was conducted to investigate whether mindfulness moderated the relationship between pain intensity and pain catastrophizing. The moderation analysis was completed using the PROCESS tool for SPSS developed by Hayes. 48 Headache pain intensity and mindfulness (MAAS) were both mean centered before they were entered into the analysis. Pain catastrophizing was entered as the dependent variable, headache pain intensity was entered as the independent variable, and mindfulness (MAAS) was entered as the moderating variable. Results revealed that the interaction between headache pain intensity and mindfulness did not account for any significant amount of additional variance in pain catastrophizing (β = 1.13, t 213 = 1.27, P = 0.204, 95% CI for B [−0.62 to 2.88]). This indicated that mindfulness did not moderate the relationship between pain intensity and pain catastrophizing. 
DISCUSSION
The current study investigated the role of mindfulness in the FAM of chronic pain by replicating a study conducted by Schutze and colleagues. The sample in the current study differed from the sample in Schutze and colleagues in that it consisted solely of individuals with chronic primary headache/migraine instead of individuals with for various locations of pain. In addition, to contribute to the growing literature on the impact that mindfulness may have on chronic headache/migraine, the current study investigated the relationships between level of mindfulness and headache/migraine intensity, frequency, and duration.
Similar to the findings of Schutze and colleagues, results in the current study found that higher level of mindfulness was significantly associated with lower levels of the negative affect, pain catastrophizing, pain-related fear, pain hypervigilance, and functional disability components of the FAM. In addition, the current study found that mindfulness was not associated with the pain intensity component of the FAM, and was not associated with headache frequency. Furthermore, surprisingly, mindfulness was positively associated with headache duration.
Mixed findings regarding the effect of mindfulness on headache pain intensity, frequency, and duration have also seemed in clinical studies where mindfulness has been used as a treatment for chronic headaches. [18] [19] [20] [21] [22] [23] [24] For example, Wells and colleagues found that mindfulness training did not result in a significant reduction of headache frequency, but it did result in reduced headache duration, in episodic migraine sufferers. Conversely, Cathcart and colleagues found that mindfulnessbased therapy was not associated with a reduction in headache pain intensity or duration, however, was effective in reducing headache frequency. Taken together, these mixed findings, suggest a need for future research to further explore the relationship between mindfulness and headache parameters such as intensity, frequency, and duration.
It may be suggested that the role of mindfulness in the FAM of chronic pain may be different for individuals suffering from chronic primary headache/migraine, in comparison with the other chronic pain conditions found in the Schutze and colleagues study. One reason for this may be that, unlike other chronic pain conditions, primary headaches/migraines occur in the absence of any identified underlying structural damage. 30 Therefore, an approach such as mindfulness that utilizes acceptance in its practice may be undesirable and less effective for individuals with a condition such as headache/migraine that often resolves with or without treatment, in comparison with chronic pain conditions that are permanent.
The current study did not find a relationship between mindfulness and functional disability. This finding is not in line with the findings by Schutze and colleagues who found that mindfulness did significantly predict functional disability in individuals with chronic pain. The findings in the current study are also not in line with studies where mindfulness predicted psychosocial functioning in a sample of individuals with lower back pain, lower extremity, shoulder or upper limb, full body, and "other" chronic pain. 49 This further suggests that mindfulness may play a different role in the FAM for individuals with chronic primary headache/ migraine in comparison with the other chronic pain conditions. Unlike the other chronic pain conditions used in Schutze and colleagues, individuals with primary headache/ migraine experience headache "attacks" when exposed to triggers, and therefore these individuals are often in the absence of pain and any pain-related functional disability. Therefore, mindfulness may not be effective in predicting pain-related functional disability in this population. The finding that mindfulness did not predict functional disability, may also be explained by the observation that mindfulness did not predict headache frequency in the current study, and on the MIDAS, disability is dependent on frequency. Future research should explore the relationship between mindfulness and functional disability as measured by a different disability assessment(s).
In the current study, it was found that mindfulness most strongly predicted the negative affect component of the FAM, and the components of mindfulness that contributed significantly to the prediction of negative affect scores, were awareness and nonjudging. This is unlike the findings of Schutze and colleagues who found that mindfulness most strongly predicted pain catastrophizing in their sample of with heterogenous chronic pain disorders. It may be suggested that the relationships between mindfulness and pain catastrophizing, and mindfulness and negative affect, differ in individuals with headache/migraine due to the transient nature of headache/migraine "attacks."
The transient nature of headache/migraine "attacks" may alter the nature of the catastrophic thoughts and negative affect experienced by individuals with headache/ migraine. A person with chronic headaches may have thoughts of hopelessness such as "there is nothing I can do to prevent or combat headaches" rather than catastrophic thoughts related to the headache episode, such as "this migraine will last forever." Thoughts of hopelessness are particularly common in individuals who experience chronic headaches and comorbid depression. 50 In the current study, the results revealed that mindfulness remained a significant predictor of negative affect, and pain hypervigilance, after controlling for the other key components and background characteristics. However, mindfulness did not remain a significant predictor of pain catastrophizing or fear of pain. This is unlike the findings of Schutze and colleagues who found that mindfulness significantly predicted pain catastrophizing after controlling for the other key components and background characteristics.
Unlike the findings of Schutze and colleagues, in the current study mindfulness was not found to moderate the relationship between pain intensity and pain catastrophizing. As it was noted earlier, mindfulness most strongly predicted the negative affect component of the FAM and not the pain catastrophizing component as in the Schutze and colleagues study. Therefore, it may have been interesting to investigate the relationship between mindfulness and the negative affect component of the FAM in more depth. Research has found that rumination on negative affect may result in its maintenance and exacerbation. 51 Mindfulness involves the redirection of one's attention away from rumination and toward the present moment, 52 which therefore may be associated with a lower level of negative affect. Surprisingly, the current study also found that observing, as a dimension of mindfulness, was positively correlated with pain hypervigilance. Theoretically, observing, in Mindfulness is a metacognitive monitoring process that facilitates awareness and diffusion from cognitive, emotional, and physical experiences. 53 In turn, the process of diffusion is suggested to reduce psychological distress associated with physiological pain. [54] [55] [56] The FAM of chronic pain 5 suggests that pain hypervigilance is related to unhealthy avoidance of pain triggers. In the current study, it is unclear whether cognitive diffusion accompanied pain hypervigilance, and whether the relationship between observing and pain hypervigilance results in unhealthy avoidance of potentially pain-provoking stimuli. To test for this, future research could manipulate mindful observing in isolation and examine its effects on pain hypervigilance and avoidance of potentially pain-provoking stimuli in a sample of individuals with headache.
Similarly, the current study found that fear of pain was negatively associated with headache duration, and mindfulness was associated with increased headache duration. The FAM of chronic pain 5 suggests that pain-related fear leads to avoidance behavior; therefore it is possible that the reduced headache duration is due to removing oneself from the headache trigger(s). Along these lines, increased mindfulness may, through nonjudgmental acceptance of internal experiences of the present moment, 14,16 be associated with reduced avoidance behavior. Therefore the continued presence of the headache trigger(s) may lead to increased headache duration. However, avoidance behavior was not measured in the current study, and it is important to keep in mind that the correlational design of this study prevents causal inferences from being made.
The surprising associations between fear of pain and headache duration, and mindfulness and headache duration, may also be explained by arguments that were made by Van Dam and colleagues 57 in their critical evaluation of mindfulness and meditation research. They argue that as there is no universally accepted definition of mindfulness and the underlying factors that constitute this concept, comparisons between different studies exploring mindfulness may be inappropriate due to mindfulness being measured, taught, and practiced in different ways across these studies. 57, 58 Furthermore, Van Dam and colleagues suggest that the benefits of mindfulness practice for individuals with psychological and physical conditions may be exaggerated by researchers and the media. Future research should explore the associations between mindfulness, the components of the FAM, and avoidance behavior in individuals with headache, taking into consideration critiques of current mindfulness research.
In the current study, mindfulness continued to predict negative affect after controlling for other variables in the FAM of chronic pain and background characteristics. When considering the FAM negative affect is directly linked to pain catastrophizing, and both components immediately follow the experience of pain. Although in the study conducted by Schutze and colleagues pain catastrophizing was the key component most strongly predicted by mindfulness, it is suggested that in individuals with chronic primary headache/migraine, negative affect is the key component of interest. Therefore, it is proposed that for individuals with chronic primary headache/migraine, mindfulness may be integrated into the FAM beside negative affect (Fig. 1) . This may then have a cascading effect on the other components in the FAM. However, again the correlational nature of the current study prevents causal inferences. Boselie and Vlaeyen 59 suggest that including mindfulness in the FAM is congruent with a positive psychology approach, wherein the focus of the model shifts to incorporate protective factors other than no pain-related fear, rather than the main focus being on vulnerability factors as in the original model. 5 They further suggest that this shift will allow a greater and more balanced understanding of factors that lead to recovery in individuals with chronic pain.
Overall, it is suggested that mindfulness plays a role in the experience of chronic headache/migraine, albeit a different role than that observed in the other chronic pain conditions included in the Schutze and colleagues study. It is suggested that this may be due to differences between chronic headache/migraine and the other chronic pain conditions with respect to pattern of pain, origin of pain, and prognosis of the condition. Negative affect may be the key component in the FAM that would be most beneficial to examine in individuals with chronic headache/migraine. Increased level of mindfulness may allow individuals to recognize when their attention has been automatically engaged by rumination on negative affect, and consciously redirect this attention to the present moment. Specifically, the relationships between mindfulness and headache duration, and mindfulness and negative affect may be worth exploring further in individuals with chronic headache/ migraine.
The current study had some limitations including the correlational design which prevents causal inferences, and the use of self-report measures which were subject to social desirability and the honesty and integrity of the participants completing the online survey. In addition, the order of the questionnaires within the survey was not randomized, and random responding of participants was not checked, therefore subjecting the study to methodological bias. As another limitation, it is acknowledged that 71% of the final sample were using pain relievers or any medication to relieve headache symptoms at least 3 days per week. Therefore, it is possible that the current sample consisted of individuals with undiagnosed medication overuse headache, and future studies should account for this by appropriately adjusting the exclusion criteria for research participation. It is also noted that ∼39% of participants in the current study were aged between 18 and 19 years, and that within these participants ∼15% (ie, 13 participants in the total sample) identified that they had headaches for 1 to 3 months. Therefore, there is a possibility that some of these participants may be reporting presentations that have not yet reached chronification.
The current study would have been strengthened if evidence of a physician diagnosis was collected from each participant, rather than self-report of a physician verified diagnosis. Future research should ensure that all participants have a diagnosis of chronic headache/migraine from a medical professional. Specific information about headache diagnosis, including whether participants have primary versus secondary headaches, chronic versus episodic headaches, or whether they are experiencing other symptoms such as nausea, dizziness, or fatigue, should also be collected in future research. The role of mindfulness in the FAM of chronic pain may differ with different headache presentations, due to the high variability between different presentations. Therefore, this is an important area of exploration for future research.
Finally, the current findings suggest that in individuals with chronic headache and migraine, mindfulness may be integrated into the FAM beside negative affect. The current study contributes to existing literature on mindfulness and the experience of pain in individuals with chronic headache/ migraine, by exploring relationships between mindfulness and key constructs in the FAM of chronic pain.
